Inhibition of proteasome activity blocks cell cycle progression at specific phase boundaries in African trypanosomes.
Proteasomes are one of the cellular complexes controlling protein degradation from archaebacteria to mammalian cells. We recently purified and characterized the catalytic core of the proteasome, the 20S form, from Trypanosoma brucei, a flagellated protozoa which causes African trypanosomiasis. To identify the role of proteasomes in African trypanosomes, we used lactacystin, a specific inhibitor of proteasome activity. Lactacystin showed potent inhibition of the activity of 20S proteasomes purified from both bloodstream and procyclic (insect) forms of T. brucei (IC50 = 1 microM). It also inhibited proliferation of T. brucei cells in culture assays, with 1 microM inhibiting growth of bloodstream forms, whereas 5 microM was required to block proliferation of procyclic forms. Analysis of the DNA content of these cells by flow cytometry showed that 5 microM lactacystin arrested procyclic cells in the G2 + M phases of the cell cycle. Fluorescence microscopy revealed that most of the cells had one nucleus and one kinetoplast each, indicating that the cells had replicated their DNA, but failed to undergo mitosis. This suggests that transition from G2 to M phase was blocked. On the other hand, incubation of bloodstream forms with 1 microM lactacystin led to arrest of 30-35% of the cell population in G1 and 55-60% of the cells in G2, indicating that both transition from G1 to S and from G2 to M were blocked. These observations were also confirmed by using another inhibitor of proteasome, N-carbobenzoxy-L-leucyl-L-leucyl-L-norvalinal (LLnV), which arrested procyclic forms in G2, and bloodstream forms in both G1 and G2. These results suggest that proteasome activity is essential for driving cell cycle progression in T. brucei, and that proteasomes may control cellular functions differently in bloodstream and procyclic forms of T. brucei.